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High through-put characterization of insect morphocryptic entities
by a non-invasive method using direct-PCR of fecal DNA
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Abstract

The development of non-invasive molecular techniques is currently increasing, particularly in the fields of behavioural ecology
and conservation genetics of mammals. Surprisingly, genetic studies of Arthropods and particularly the insects have not benefited
yet from the contributions that non-invasive methods have made. Here, we outline a strategy for identifying phytophagous insect
genetic entities based on direct-PCR of fecal DNA combined with double strand conformation polymorphism (DSCP) typing.
This allows the differentiation of morphocryptic entities within the speciesCeutorhynchus assimilis(Coleoptera: Curculionidae),
a candidate biocontrol agent of a noxious weed. The results obtained clearly demonstrate the potential for this method to provide
a valuable means for genetic and ecological studies of Arthropods.
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. Introduction

During the last several decades, the recognition of
roups of insects, whether they are populations, species
r higher taxonomic groups and, ultimately the under-
tanding of the relationships between them, has fully
enefited from the application of molecular methods to
ystematics, largely achieved by DNA sequencing. For
he Arthropods, where the absence of morphological
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distinction prevails, accurate taxonomic identifica
becomes an issue, particularly in the fields of conse
tion genetics and biological control programs (Unruh
and Wooley, 1999). At the heart of the problem is th
fact that accurate molecular characterization prim
ily relies upon destructive methods, based upon D
extracted from parts of or the entire insect (Unruh
and Wooley, 1999), and gut contents in the case
predation studies (Symondson, 2002). This prevent
any further biological study of the material analyz
However, much of the recent developments and a
cation of non-invasive techniques, based upon D
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studies have taken place in the area of dietary analy-
sis of vertebrates. Regurgitated pellets from predatory
birds (Taberlet and Fumagali, 1996) or mammal feces
(Taberlet et al., 1997) provided the source material for
DNA analyses. Such non-invasive diagnostic methods
are now being harnessed for identifying and typing both
prey and/or predators (Taberlet et al., 1997; Palomares
et al., 2002).

This paper describes for the first time a non-invasive
molecular method developed for the unequivocal iden-
tification of DNA from feces of a phytophagous
weevil, Ceutorhynchus assimilis(Paykull, 1792) [C.
pleurostigma(Marsham, 1802) syn.n.] (Coleoptera:
Curculionidae) (Colonnelli, 1993) coupled with a
reliable genetic typing of this species. We demonstrate
that mitochondrial DNA including the COI region
(Simon et al., 1994) directly acquired from fecal
secretions (without preliminary DNA extraction) is of
amplifiable quality comparable to that obtained from
destructive methods. We also show the potential of the
non-invasive technique to investigate the screening of
the variation of this mitochondrial region by double
strand conformation polymorphism typing (DSCP).
DSCP is of great value for population genetics
(Atkinson and Adams, 1997) and is detected when
mutations alter the curvature of the helical axis of
double stranded DNA molecules, resulting in changes
in their electrophoretic mobility (Saad et al., 1994).

C. assimilisis a potential biocontrol agent of a nox-
ious weed,Lepidium drabaspp.draba(Brassicaceae),
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data of a 560 bp region in the cytochrome oxydase I
gene (COI) using the primer pair C1-J-2183 and TL2-
N-3014 (Simon et al., 1994). The results showed that
these four populations clustered in three mtDNA hap-
lotypic groups (clades). Individuals of the population
A, which originated from the target weed,L. draba
spp.draba, in France, were shared between the clade
II (host-specific entities) and clade IV (generalist enti-
ties). Both populations B and C, respectively, collected
on the target weed in Italy and onBrassica napusin
France, were belonging to the clade IV. The clade III
was gathering generalist entities of the population D
collected from another host-plantSinapis arvensis, in
France.

Mature larvae ofC. assimilisdeveloping in collar
galls in the host-plant were collected in the field, and
extracted in the laboratory or in quarantine facilities for
foreign biological material. One month after pupation,
the emerging immature adults were sex-determined,
kept isolated and fed with fresh leaf of their natural
host-plant. After this three-day diet, feces were col-
lected. In the absence of feces, adults were fed with
fresh leaves ofL. draba exclusively for one to three
more days. Then, two dried feces of each individual
were collected under a binocular microscope using pins
and under sterile conditions to avoid contamination
from other insects, and were suspended in 5�L of pure
water. To detect whether contamination of samples of
exogenous DNA had occurred during the feces extrac-
tion procedure, a tube without feces (negative control)
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nvading the USA.Fumanal et al. (2004a)showed tha
his recognized species is in fact a complex of ge
list entities with one entity restricted to the hosL.
raba over its Eurasian distribution range, all for
eing morphologically indistinguishable. Outcross

esting was selected at first in order to delineate
axonomical range of these forms according to
revalent biological species concept.

. Materials and methods

Four parental populations ofC. assimiliswere cho
en based on multiple criteria inferred from both h
pecificity testing (Fumanal et al., 2004a) and DNA
nalysis results (Fumanal et al., 2004b). In this las
tudy, the mitochondrial haplotypic diversity ofC.
ssimiliswas primarily assessed based on sequen
as treated identically through the amplification p
edure.

An aliquot of 2�L of this suspension was used
emplate for direct-PCR using primer pair C1-J-2
Simon et al., 1994) and C1-N-2471 (after nome
lature in Simon et al., 1994) [5′-GAAAAGTTG-
TAATCATCTG-3′]. This primer was designed f

his study to amplify a 288 bp fragment of the COI g
sing the Oligo 4.0 Software (National Bioscien

nc.) (Fig. 1). The selection of this region was a tw
tep procedure. First, the three common haplot
560 bp region in COI gene), found in the pare
opulations were aligned using Clustal X program
ion 1.81 (Thompson et al., 1997) to locate sites tha
aried among the three clades. Second, predicted c
ure was plotted along the sequences using the Be
oftware as developed byMunteanu et al. (1998). This
esulted in the identification of the region that displa
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Fig. 1. Alignment of 5′–3′ sequences (300 bp region in the COI gene) of the three clades. Dots indicate identity. PCR primers (C1-J-2183 and
C1-N-2471) for clade diagnostic are indicated in bold.

sufficient DSCP between the different entities to be
diagnostic. Double-stranded DNA amplifications were
performed in a 25�L volume containing 10�M of each
primer, 2.5 mM dNTP, 1× Qiagen Buffer, 1 unit of Qia-
gen Taq Polymerase (5 U/�L) and 2�L of template.
Feces in solution in 2�L of water were added to this
mix in a 0.2 mL PCR tube. Thermal cycle parameters
were as follows: 92◦C for 1 min followed by 35 cycles

of 92◦C for 30 s, 48◦C for 1 min and 62◦C for 30 s. The
last elongation step was extended to 7 min. PCR prod-
ucts were checked on 1% agarose gel electrophoresis
(Fig. 2a). After recalibration to ensure similar quanti-
ties of DNA in all wells, PCR products were separated
by electrophoresis on 10% polyacrylamide 49:1 gel
(30% acrylamide, 5% glycerol) in TBE 1× buffer, for
15 h at 100 V, 30 mA in 20 cm× 20 cm plates. Gels

Fig. 2. (a) Direct-PCR products (PCR mix plus feces) of 317 bp checked on 1% agarose gel electrophoresis and (b) DSCP polyacrylamide gel
(10%, 49:1) with direct-PCR products displaying band polymorphism corresponding to the different weevil populations (A–D).
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were visualized using Ethidium bromide coloration
(302 nm UV light) (Fig. 2b). Three distinct migration
profiles were scored and have been ascribed to stan-
dards for known DNA sequences (Fig. 2b).

3. Results and discussion

PCR products of 288 bp were successfully amplified
from feces of the weevil. The sequence produced from
these PCR products corresponded to the expected ones.
Details of the success rates for both molecular steps of
the method (direct-PCR and DSCP) are presented in
Table 1. The overall mean success obtained (all steps
included) is 71.5% (448 positive results/626 attempts).
Amplification of the 288-bp fragment from the fecal
samples occurred successfully in population A–C. In
the case of population D, PCR amplifiability averaged
57.3% only. One possible explanation for this lower
score is that population D, which emerged first, was
probably hampered by the fact that the protocol was
not yet optimized. Amplification of a larger mtDNA
fragment of 800 bp did not perform well unlike the
amplification of the 288 bp fragment (data not shown).
The authors’ caution that PCR amplifiability of feces
stored at 4◦C or room temperature were best preserved
compared to those stored at−20◦C.

The failure to get DSCP identification after a suc-
cessful PCR amplification was rather low, ranging from
2
T to
r ns.

t ue
a ree
g o-
t of
t t
p g a

mixture of different genetic entities, including the host-
specific one. Indeed, 90% of fecal samples belonged
to the host restricted form, as expected and further
selected for interbreeding tests, whereas 9% were dis-
playing the B type DSCP pattern. The remaining 1%
was undetermined, because of dubious multiple bands.
The technique developed here proved to be very useful
for untangling the mixture of different genetic clades
found in the field and ensured reliable identification for
subsequent interbreeding tests.

The procedure described above fills an empty niche
in the field of non-invasive identification methods for
which an array of tools has become increasingly avail-
able including recently developed molecular genetic
techniques for the analysis of feces (Taberlet and
Fumagali, 1996; Symondson, 2002). The Ceu-
torhynchusmtDNA region is not altered by digestive
damage to diagnostic features. The failure to repeat-
edly amplify a 800 bp fragment when it is possible
to amplify shorter fragments might reflect the fact
that the DNA embedded in the epithelial cells could
sometimes be partially degraded. This result strongly
supports the assumption that DNA would not survive
the digestive process for long, explaining why the
introduction of this approach has been delayed.
Several specialists of the non-invasive approaches
suggest that larger sequences simply break down more
rapidly during digestion than shorter sequences and
that single-copy DNA would be less easily detected
than multiple-copy DNA (Taberlet and Fumagali,
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P cess (% CP (%)

A
B
C
D

N ith suc
.6% (population A) to 16.5% (population B) (Table 1).
his failure is not critical given that it is very easy
e-amplify the same individual using other secretio

In the context of outcrossingC. assimilispopula-
ions, direct-PCR followed by the DSCP techniq
llowed successful discrimination between the th
enetic entities (Fig. 2b). Populations B–D were mon

ypic with regard to the DSCP pattern, diagnostic
he generalist entities (Fig. 2b) whereas two differen
atterns were observed for population A, indicatin

able 1
uccess rates of the four population samples studied, for both

opulation No. of individuals PCR suc

211 91.5
131 83.2
120 78.3
164 57.3

umber of individual samples analyzed were added together w
996; Symondson, 2002). We chose to target mtDN
ith 100–1000 copies per cell (Simon et al., 1994)

his having been effectively used in other studie
ook at fine-scale differences between closely rel
pecies or subspecies The amount of DNA avail
or genetic typing using feces can be very low
s often in the picogram range (Taberlet et al., 1996).
n the case ofC. assimilis, we used DSCP, which d
ot require extensive optimization and has prove

PCR and DSCP steps are presented

) DSCP success (%) Total PCR + DS

97.4 89.1
83.5 69.5
94.7 74.2
92.6 53

cess rates in % for PCR, DSCP and PCR plus DSCP.
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be of value for detecting sequence variation between
morphocryptic entities but other post-PCR techniques
could be used (SSCP or direct sequencing for instance).

In mammals, the intestinal lining cells shed in the
feces have been shown to be an effective means of
acquiring DNA as well as the digestibility of the diet
to influence the digestion time, and thus to decrease
the abrasion of the intestinal membranes (Taberlet
et al., 1996; Maudet et al., 2004). However, the primary
mechanism underlying the release of DNA in the feces
still remains speculative for the insects. The authors’
caution, that theL. drabalike other Brassicaceae plants
which is used as diet contains plant defense chemi-
cals including glucosinolates (Fumanal et al., 2004a,b).
Most known mechanisms used by insects to overcome
these compounds involve detoxification and excretion
(Wittstock et al., 2004). However, their role on the
release of cells in the feces have yet to be determined.

In conclusion, direct-PCR combined with typing
methods of fecal DNA fragments opens new per-
spectives for insect identification both in applied and
basic science. Typing data using non-invasive methods,
which would be generated from voucher specimens
could easily be transferred to the growing databases
that are being built up at national museums or other
collections. Quarantine interception facilities and bio-
logical control agencies would also greatly benefit from
this rapid identification method that reduces time con-
suming breeding procedures.
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